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Abstract 
Introduction: Acute appendicitis is the most common gastrointestinal surgical emergency, and it 
is widely known that time to presentation is important to decrease the rate of perforation. 
Perforation of acute appendicitis is associated with increased morbidity such as abscess, wound 
infection, small bowel obstruction, and recurrent surgeries. The incidence of acute appendicitis 
has stabilized in western countries, but has been increasing in Asia, Africa, the Middle East, and 
Southern America. 
Objective: With lack of surgical infrastructure and delayed presentation to care in developing 
countries, this study aims to get a better understanding of the outcomes of acute appendicitis in 
Malawi at Kamuzu Central Hospital (KCH), a proxy for developing countries, as compared to 
North Carolina at the University of North Carolina Memorial Hospital (UNC-MH), a proxy for 
developed countries. 
Methods: I performed a retrospective chart review for all UNC-MH patients who underwent 
surgery for acute appendicitis from 2013 to 2015. To compare the UNC-MH patients to the KCH 
patients I extracted the information for patients with acute appendicitis from an acute care 
surgical database used at KCH in Lilongwe, Malawi. Demographics, initial vitals, and type of 
operative intervention were examined. In addition, analyses were performed on differences in 
time to hospital presentation, transfers, time to surgery, complications, length of stay, and 
mortality. 
Results: 738 patients with acute appendicitis were included in this study (17.2% from Malawi). 
Patients in Malawi were found to present to the hospital later (median of 75 vs. 24 hours), be 
taken to the operating room later (67.9% vs. 95.8% on same day), were more likely to be 
transferred to the central hospital (81.9% vs. 22.4%), and have longer lengths of stay (7 days vs. 
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1 day) as compared to patients in North Carolina. Mortality was also higher at KCH, at 7.1% as 
compared to 0% at UNC-MH.  
Conclusions: Acute appendicitis outcomes are significantly worse in Malawi than in North 
Carolina. There is a significantly longer delay to presentation after symptom onset in Malawi, 
which undoubtedly increases the risks for poor outcomes. This delay in presentation is most 
likely due to a deficient physician and surgical workforce in the country and long travel times to 
one of the few hospitals with surgical capabilities.  
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Introduction  
Acute appendicitis is the most common gastrointestinal surgical emergency, occurring at 
a rate of 233/100,000 population.1 In the United States, lifetime incidence of appendicitis is 8.6% 
for males and 6.7% for females.1 In addition, the rate of appendicitis is 1.5 times higher in whites 
than nonwhites.1 About one-third of patients with acute appendicitis will have perforation,2 
which can lead to increased morbidity such as abscess, wound infection, small bowel 
obstruction, and recurrent surgeries.  
Although both diagnostic technology and surgical technology, such as minimally 
invasive surgery, have vastly improved over the last 50 years, the rate of perforation has 
remained about the same.3 Studies have shown that delays in hospital presentation after the first 
symptoms of acute appendicitis lead to higher rates of perforation.4–6  However, in-hospital 
delays (time from getting to the hospital to getting to the operating room) does not lead to higher 
rates of perforation.4,7–10 One study found that the average time a patient had symptoms before 
presenting to the hospital was 57 hours in those with perforated appendices, and 22 hours in 
those with non-perforated appendices.4 The evidence clearly shows that most perforations occur 
before patients present to the hospital and are evaluated for surgery. Time to presentation is 
extremely important when it comes to trying to decrease the rate of perforation, thereby 
decreasing the morbidity experienced from acute appendicitis.    
A systematic review of the global incidence of appendicitis found that the incidence has 
stabilized in western countries, but has been increasing in Asia, Africa, the Middle East, and 
Southern America.11 With increasing incidence of appendicitis in developing/newly 
industrialized countries, and the knowledge that delay to care can lead to higher rates of 
perforation and morbidity, it is important to study the outcomes of acute appendicitis in 
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developing countries as compared to developed countries to guide quality improvement efforts. 
For further discussion of the outcomes of acute appendicitis in developing countries see the 
systematic review in appendix 1. 
One such developing country is Malawi. It is a landlocked country located in Southeast 
Africa with a population of 18,570,321. 46.5% of the population is between the ages of 0 to 14 
years, with an overall mean age of 16.5 years, and a life expectancy of 61.2 years.12 Malawi 
struggles with a high prevalence of HIV/AIDS, affecting 9.11% of adults. In addition, there is a 
high risk of contracting major infectious diseases such as bacterial and protozoal diarrhea, 
schistosomiasis, Hepatitis A, typhoid fever, malaria, and dengue fever. There are only 0.02 
physicians/1,000 population and 1.3 hospital beds/1,000 population12, making it difficult for 
Malawians to receive essential health care. In 1999, the University of North Carolina at Chapel 
Hill partnered with the Malawi Ministry of Health to find innovative, culturally acceptable, and 
affordable methods to improve the health of Malawians using research, health systems 
strengthening, prevention, training, and care.13 
This study aims to get a better understanding of the outcomes of acute appendicitis in 
Malawi at Kamuzu Central Hospital (KCH) as compared to North Carolina at the University of 
North Carolina Memorial Hospital (UNC-MH). It is hypothesized that there will be higher rates 
of morbidity and mortality from appendicitis in Malawi, as compared to North Carolina.  
Methods 
 In 2013, a UNC research fellow established an acute care surgical database at KCH in 
Lilongwe, Malawi. This database records demographic information, baseline vitals, timing of 
presentation to the hospital and the operating room (OR), treatment received, imaging obtained, 
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surgeries performed, and outcomes for all patients presenting to the hospital with an acute 
surgical problem, excluding trauma. Patients with acute appendicitis were extracted from this 
database for analysis in this study.  
The Malawi database was used as a model to create a database with the same variables 
for patients who presented to UNC-MH with acute appendicitis between January 1, 2013 and 
December 31, 2015. Patients were identified by obtaining the pathology reports for all patients 
who had their appendix removed during this timeframe. Patients were included if they were 18 
years or older and underwent appendectomy because of suspected appendicitis. Patients who had 
their appendix removed as a part of total colectomy, during diagnostic laparoscopy for pelvic 
pain, or for any other reason besides suspected appendicitis were excluded. Patients under 18 
years of age were also excluded.  
One author (AR) conducted a retrospective chart review for all UNC-MH patients who 
underwent surgery for acute appendicitis from 2013 to 2015. Collected data variables included 
demographic characteristics, initial vitals, diagnostic imaging modality obtained, timing of onset 
of symptoms, time and mode of arrival at the hospital, time from presentation to operative 
intervention, type of surgery performed, complications, length of stay (LOS), and outcomes.       
Statistical Analysis  
 Univariate analyses were performed for patient demographics, initial vitals, and operation 
type. Differences in time to hospital presentation and LOS were evaluated with Wilcoxon Rank-
Sum Tests as the outcomes were continuous and non-normal. Time to surgery was evaluated as a 
categorical variable, defined as within 24 hours, >24 hours but ≤ 48 hours, and >48 hours from 
presentation to the hospital to time of surgery. Pearson’s chi-square tests were used to evaluate 
time to surgery, transfers, complications, and mortality as the outcomes were categorical. A p-
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value of <0.05 was considered significant. All statistical analyses were performed using Stata, 
StataCorp. 2015. Stata Statistical Software: Release 14. College Station, TX: StataCorp LP.   
Results  
 A total of 738 patients with acute appendicitis were included in this study. 17.2% of the 
patients were in Malawi while the rest were in North Carolina. Overall, 56.1% of the patients 
were male, and in Malawi 72.4% of patients were male. 59.3% of the patients were white and 
25.3% were black. The overall mean age was 38±17 years, and in Malawi the mean age was 
lower at 32±15 years. The majority (91.7%) of operations were performed laparoscopically at 
UNC-MH, whereas all of the operations were performed with an open procedure at KCH. (Table 
1) 
Patients in Malawi were found to present to the hospital significantly later than patients 
who presented to UNC-MH. The median time from symptom onset to presentation at the hospital 
was 24 hours (IQR: 12-48 hours) at UNC-MH and 75 hours (IQR: 31-144 hours) at KCH. 
Patients at KCH were also brought to the OR significantly later than patients at UNC-MH. 
95.8% of patients with acute appendicitis at UNC-MH were taken to the OR for appendectomy 
within 24 hours of presentation to the hospital. In contrast, 67.9% of patients with acute 
appendicitis at KCH were taken to the OR for appendectomy within 24 hours of presentation. 
(Figure 1) 
 Patients were more likely to be transferred to KCH in Malawi than to show up directly to 
the central hospital, with the reverse being true at UNC-MH; patients were more likely to present 
directly to UNC-MH than to be transferred from another hospital/clinic. At KCH, 81.9% of their 
acute appendicitis patients were transferred from another location, whereas at UNC-MH only 
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22.4% were transferred from another location. In Malawi, the majority (61.5%) of patients who 
were transferred were sent from a district hospital to KCH. In North Carolina, there was a fairly 
even split of patients who were transferred coming from doctor’s offices (45.3%) and from 
outside hospitals (43.1%) to UNC-MH.  
 Patients in Malawi spent a significantly longer period of time in the hospital than patients 
in North Carolina. The median length of stay (LOS) for patients with acute appendicitis at UNC-
MH was 1 day (IQR: 1-2 days) as compared to 7 days (IQR: 4-9 days) at KCH. Aside from 
death, only 4.7% of patients at KCH had post-operative complications, as compared to 13.3% of 
patients at UNC-MH. Post-operative complications included need for oxygen therapy, 
mechanical ventilation, wound infection, and being taken back to the OR at KCH. At UNC-MH, 
the complications were more varied including post-operative ileus, urinary retention, abscess, 
wound infection, pleural effusion, small bowel obstruction, sepsis, anemia, deep venous 
thrombosis, and respiratory distress.  
 Finally, having acute appendicitis at KCH was significantly associated with increased 
mortality. 9 patients died after surgery at KCH, whereas no patients died after surgery at UNC-
MH. The risk of death after appendectomy for acute appendicitis at KCH was found to be 7.1% 
in this study. This yielded a risk difference of 7.1% (95% CI: 2.6-11.5%). Of those who died at 
KCH, 8 died from sepsis, making that the most common cause of death, and 1 from severe 
anemia.  
Discussion  
 As hypothesized, the outcomes of acute appendicitis were worse at KCH in Malawi than 
they were at UNC-MH in North Carolina. Patients had a longer time to presentation, longer time 
9 | P a g e  
 
to surgery, greater length of stay, and higher rate of death in Malawi as compared to North 
Carolina.  
 Excluding death, the complication rate in Malawi was lower at 4.7%, than in North 
Carolina at 13.3%. Although the numbers seem to show that there are less complications in 
Malawi, this is probably due to diagnostic bias. If you look for complications you are more likely 
to find complications as we perform a lot more diagnostic tests in the United States. These are 
only the complications we know about, the complications that occur while the patients are still in 
the hospital. Furthermore, once the patients return to their homes, there is no easy way to follow-
up on their condition. If patients develop an abscess, wound infection, or bowel obstruction, they 
may present to one of the rural hospitals closer to where they live, or they may die from their 
complication at home. To try and prevent abscesses and wound infections, knowing that follow-
up is unlikely, all patients at KCH are sent home on antibiotics after surgery. This may also help 
to decrease the complication rate.  
 The median time to presentation in Malawi was 75 hours as compared to 24 hours in 
North Carolina. It is not surprising that patients present later in Malawi than in North Carolina. 
80% of Malawians live in a rural area,12 which makes a trip to KCH in Lilongwe long and 
difficult. Most patients will first present to one of the district hospitals, which can still be a long 
trip, but is closer than KCH. District hospitals have the capability to perform minor procedures, 
but not surgery, so once a patient presents and is evaluated, they will have to wait to be 
transferred to KCH. Other reasons for delay in presentation are that patients may visit a 
traditional healer first, or they may have gotten word that the rural hospitals, or even the district 
hospital, were low or out of supplies so they decided to wait it out at home. Finally, there is a 
disparity between men and women because their culture requires that women get the permission 
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of her husband before going to the hospital. Waiting for permission, if they receive permission, 
further delays the time to presentation.  
 The majority of patients at KCH, 67.9%, were taken to the OR within 24 hours of 
presentation to the hospital, but this is still less than the 95.8% of patients who were taken to the 
OR within 24 hours at UNC-MH. This is likely due to the fact that there are less surgeons in 
Malawi, meaning fewer operations can take place concurrently. In addition, supplies are scarce 
in Malawi so there can be delays if supplies have to be sought out for surgery. 
 The greater average length of stay, 7 days, seen at KCH as compared to 1 day at UNC-
MH may be artificially inflated. The majority of surgeries performed at UNC-MH are done 
laparoscopically, whereas all of the surgeries at KCH are open. This explains some of the 
difference in length of stay, as it takes longer to recover from an open procedure than it does a 
laparoscopic procedure. In addition, since patients present to KCH so late, many of them have an 
acute abdomen at presentation and need an exploratory laparotomy, not just an open 
appendectomy. This would further increase length of stay. However, the greater length of stay 
can also be tied to the low chance of follow-up. This is where the artificial inflation comes in, 
patients are kept longer than necessary to ensure they are truly doing well before being sent 
home. The hope is that if the patients are watched longer in the hospital, they are less likely to go 
home, develop a complication, and die because they cannot return to KCH. Although, we do not 
know if this is truly the case since we do not have follow-up with these patients.  
 Finally, the high death rate of 7.1% seen at KCH is likely due to delayed presentation. 
Patients present to the hospital so late that many of them have a perforated appendix which can 
lead to abscess formation or an acute abdomen, making surgery more difficult and complicated. 
Eight of the patients died from sepsis, which is likely related to late presentation. Sepsis is hard 
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to fight even in developed countries. It requires a quick recognition and response, with large 
amounts of fluids and broad-spectrum antibiotics. If patients in Malawi are already septic at 
presentation it will be hard to save them. If they become septic after surgery, a lot has to go right 
to save them. The nurse to patient ratio is poor, in addition to inadequate physician coverage, so 
early recognition and diagnosis of sepsis is challenging. In addition, the availability of 
resuscitative and maintenance intravenous fluids is not constant. Fluids are often on short supply 
so it may not be possible to provide adequate fluids at a fast enough rate for septic patients.  
 Obviously the best intervention to improve outcomes would be to decrease the time from 
symptom onset to presentation at the hospital. However, this is difficult to do as it requires 
change outside of the hospital itself. More roads would need to be built to reach more people in 
the rural areas, but that would also require more people to have cars to use the roads. In addition, 
communication and emergency transport systems would have to be improved. There would also 
have to be cultural shifts that would allow women to present to the hospital without the 
permission of their husbands, and there would have to be community education on when it is 
important to go to the hospital versus when it is alright to stay home. These are big asks that 
require participation from the government, the health system, the community, and the patient. 
Improving time to presentation will take time and will have to be addressed from many angles. 
Intervening with the treatment of sepsis might be something to consider since it can be done at 
the level of the hospital. This would mean ensuring adequate supplies of intravenous fluids and 
broad spectrum antibiotics. It would also require that the hospital personnel were diligent about 
observing patients for the signs and symptoms of sepsis. A protocol could be developed to cut 
down the time it takes to diagnose and treat sepsis. Finally, another intervention that could be 
considered is bringing laparoscopic surgery to KCH. This may help with shorter lengths of stay 
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and decreased risk for infection, improving patient outcomes. However, I would argue that 
laparoscopic surgery might make little or no difference in outcomes because patients present to 
the hospital too late. By the time patients arrive at the hospital, laparoscopic surgery is often not 
an option, even if it were available, because they have an acute abdomen and need an exploratory 
laparotomy. Before pushing to get laparoscopy brought to KCH, the percent of patients who 
would qualify should be assessed.  
Some limitations to this study include the size of the sample in Malawi, the inability to 
follow-up with patients, and the lack of data on perforation rate. It would be ideal to have similar 
sample sizes at KCH and UNC-MH, but due to the differences in prevalence of acute 
appendicitis this is difficult. Follow-up with patients would give a more accurate idea of 
complication rates and give better insight into how far they travel and whether or not they 
decided to wait before going to the hospital. To get better follow-up this would require a lot of 
effort and people willing to go out into the rural areas to try and track patients down. Finally, it 
would be useful to start collecting data on perforation rates so we could accurately assess how 
many patients have perforated appendices, and try to associate them with times to presentation. 
Continuing to collect data and do research on patient outcomes at KCH can help us to improve 
the care being delivered and help patients have better quality of lives. 
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Appendix 1  
A Systematic Review and Meta-Analysis of the Outcomes of Acute Appendicitis in Developing 
Countries 
Abstract 
Introduction: The incidence of acute appendicitis is increasing in developing countries. To 
improve the treatment of acute appendicitis in these countries it is important to study and 
understand the disease and outcomes in these settings.  
Methods: This review focuses on the outcomes of acute appendicitis in developing countries. 
The outcomes of interest were mortality, perforation rate, LOS, and morbidity, including 
pneumonia, renal failure, post-operative wound infection, wound dehiscence, abscess, intestinal 
obstruction, post-operative ileus, and re-operation. I conducted systematic searches of PUBMED 
and EMBASE using Medical Subject Headings (MESH) when available, and keywords when 
appropriate. I also reviewed the reference lists of pertinent articles. The quality of the studies 
were assessed using a form adapted from the STROBE checklist for cohort studies.14 
Quantitative analyses were performed on the outcomes of interest for all included studies. 
Results: The search strategies yielded 98 articles and after de-duplication 61 unique results were 
included in the abstract review. After full-text review, 11 articles were included. The meta-
analysis done in this review yielded an overall mortality rate of 1.2%, perforation rate of 39.5%, 
a 6.3% rate of pneumonia, 4.3% rate of renal failure, 1.5% rate of intestinal obstruction, 1.2% 
rate of post-operative ileus, 9.6% rate of wound infection, 3.2% rate of wound dehiscence, 
abscess rate of 1.9%, and a re-operation rate of 32.6%. 
Conclusion: Delays to presentation and higher rates of perforation lead to more complex cases of 
acute appendicitis and greatly increase the risks of morbidity and mortality.  
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Introduction 
As the incidence of acute appendicitis is increasing in developing countries, it is 
important to study the disease in these settings. With differing health care infrastructure and 
resources, it is essential to have a good understanding of the outcomes of acute appendicitis. 
Evaluating barriers to care and their effect on outcomes can provide valuable information for 
how to improve the treatment of acute appendicitis. In addition, this knowledge can help 
determine where efforts would best be focused for interventions to improve outcomes.  
The goal of this review was to gain a better understanding of the outcomes of acute 
appendicitis in developing countries, the evidence on mortality, perforation rate, length of stay 
(LOS), and morbidity (pneumonia, renal failure, post-operative wound infection, wound 
dehiscence, abscess, and re-operation).  
Methods  
 I developed and used a protocol for article inclusion/exclusion criteria, as well as for 
which data points to collect. This protocol is not formally registered with Prospero. Detailed 
search strategies as well as the PICOTSS and eligibility tables can be found in the appendices 
(appendices 1a and 1b).  
Key Question 
 This review focuses on the outcomes of acute appendicitis in developing countries. 
Developing countries were defined as being categorized as low or medium on the Human 
Development Index, defined by the United Nations Development Program. The outcomes of 
interest were mortality, perforation rate, LOS, and morbidity, including pneumonia, renal failure, 
post-operative wound infection, wound dehiscence, abscess, intestinal obstruction, post-operative 
ileus, and re-operation.  
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Data Sources and Searches  
 I searched PUBMED and EMBASE for published literature through March 2017. I used 
Medical Subject Headings (MESH) as search terms when available, and keywords when 
appropriate to identify relevant populations, exposure, and countries. Complete search strategies 
for PUBMED and EMBASE are detailed in appendix 1a. I conducted a targeted search for 
unpublished literature by searching ClinicalTrials.gov. To supplement electronic searches, I 
reviewed the reference lists of pertinent articles that met my inclusion criteria and added any 
previously unidentified relevant articles.   
Study Selection  
 I developed inclusion and exclusion criteria with respect to language, population, 
exposure, comparator, outcomes, setting, and study designs for the aforementioned key question 
(appendix 1b). Prospective and retrospective cohort studies and chart reviews that evaluated 
outcomes after appendectomy for acute appendicitis in developing countries were included. 
More detailed criteria can be found in appendix 1b. There was only one investigator for this 
review.  
Data Extraction and Quality Assessment  
 An excel form was designed to extract outcome data from each included article, as well 
as information about the study design and setting. The study characteristics and outcomes table 
can be found in appendix 1c. The quality of the studies were assessed using a form adapted from 
the STROBE checklist for cohort studies14, as well as evaluating selection and measurement 
bias. The specific quality ratings are described in appendix 1d.   
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Data Synthesis and Analysis  
 Quantitative analyses of outcomes were conducted, as all studies included in this review 
were homogenous in the way they reported their outcomes, so it was feasible to combine their 
results. The overall rates of perforation, pneumonia, renal failure, post-operative wound 
infection, wound dehiscence, abscess, intestinal obstruction, post-operative ileus, and re-
operation were calculated. LOS was summarized as both median and mean, as not all studies 
reported both measures. Although study duration differed, no adjustment needed to be made to 
overall mortality rate, as all studies reported appendicitis-related mortality while the patients 
were still in the hospital after surgery. All analyses were done using excel. 
Funding 
 There was no funding for this review, it was done as part of an educational experience. 
Results 
 PUBMED and EMBASE were searched on April 13, 2017 with a variety of MESH terms 
and key words. Hand-searching reference lists was also performed.  98 articles were found and 
after de-duplication 61 unique results were included in the abstract review. After full-text review, 
11 articles were included (figure 1). Sample sizes ranged from 25 to 1,415, with a total of 
N=3,586 participants. Study durations ranged from 2 months to 6 years, with 5 taking place in 
South Africa, 3 in Nigeria, 1 in Nairobi, 1 in Madagascar, and 1 in Malaysia. 
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Figure 1: Flow-chart of article search and selection. 
 
 
 
Strength of Evidence 
 Of the 11 studies included, 7 were retrospective chart reviews,15–21 and 4 were 
prospective cohort studies.22–25 All articles included in this review received a rating of “good,” 
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further defined in appendix 1d.  Nine of the studies15–21,23,24 received a rating of “fair” as they 
were well-done studies overall, but there was some risk of bias. The study by Langenscheidt, et. 
al.22 received a rating of “poor to fair” because it was a small study with risk of both selection 
and measurement bias. Finally, the study by Levy et. al.25 received a rating of “fair to good” 
because it was a large study that met all criteria with only a small risk of measurement bias.  
Mortality  
 Ten studies reported mortality as one of their outcomes. This resulted in a total patient 
population of 3,561, and 43 deaths. The meta-analysis done in this review yielded an overall 
mortality rate of 1.2%, with the rates of mortality ranging from 0 to 2%.  
Perforation Rate  
 Nine studies reported on perforation rate. This resulted in a total patient population of 
2,032, and 802 perforated appendices.  The meta-analysis yielded a perforation rate of 39.5% 
with perforation rates ranging from 13.1% to 57.0%. 
Length of Stay  
 Eight studies reported on LOS, with two articles reporting median, five articles reporting 
mean, and one article reporting both median and mean. Of the studies reporting mean, the 
average LOS ranged from 4 to 12.2 days. Of the studies reporting median, the median LOS 
ranged from 2.5 to 5 days. 
Morbidity  
Morbidity was assessed by the complication rates of pneumonia, renal failure, post-
operative wound infection, wound dehiscence, abscess, intestinal obstruction, post-operative 
ileus and re-operation in this review. Five of the studies reported outcomes on pneumonia, two 
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on renal failure, four on intestinal obstruction, two on post-operative ileus, nine on post-operative 
wound infection, four on wound dehiscence, five on abscess, and four on re-operations. The 
meta-analysis yielded a 6.3% rate of pneumonia with rates ranging from 3.0% to 12.5%. There 
was a 4.3% rate of renal failure, ranging from 3.0% to 4.5%, 1.5% rate of intestinal obstruction 
with a range from 0.5% to 2.4%, and a 1.2% rate of post-operative ileus, ranging from 0.5% to 
1.9%. The rate of post-operative wound infection was found to be 9.6% with a range of 4.2% to 
10.5%, of wound dehiscence 3.2% with a range of 0.8% to 7.0%, and of abscess 1.9% with a 
range of 0.5% to 3.5%. Finally, the rate of re-operation was found to be 32.6% with a range of 
0.3% to 53.8%. For this analysis, I calculated an overall morbidity rate of 42.1%.  
Discussion  
 The studies included in this review were all observational studies, with the majority being 
retrospective rather than prospective reviews. The goal of this review was to summarize the 
outcomes of acute appendicitis in developing countries, which makes observational studies 
appropriate. The majority of the studies were large and had low risk of selection bias. All 
patients who presented to hospital for acute appendicitis during the timeframe of the studies were 
included in the analyses. Since most of the studies were retrospective chart reviews or 
prospective studies that did not require any form of follow-up, there was no risk of lost to follow-
up. Some studies did not have access to all the patient charts, or some of the charts were 
incomplete, which contributed to moderate risk of selection bias in those studies. The risk of 
measurement bias was moderate in most of the studies as these were mostly retrospective chart 
reviews, and some studies included patient-reported variables. Reviewing charts is done in a 
large amount of research and it produces good results, but there is always the concern that 
information is missing from the charts, or that it is difficult to find as all aspects of charts are not 
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standardized. Missing information and non-uniformly organized charts contributes to the 
measurement bias in these studies. The majority of the studies included in this analysis were 
rated as “fair,” and all but one of the studies were large, with over one hundred patients included. 
In addition, all studies included in this review were homogenous in the way they reported their 
outcomes, so the quantitative analysis was straightforward and easy to perform, reducing any 
further risk of measurement bias in this systematic review and meta-analysis.    
This meta-analysis yielded an overall mortality rate of 1.2% and perforation rate of 
39.5%. In developed countries, the mortality rate from acute appendicitis is very low at 0.1%17, 
and 35.5% have perforation2. The perforation rate was only found to be slightly higher in this 
meta-analysis of developing countries than in developed countries. The higher rate is likely due 
to a larger delay in presentation to the hospital after onset of symptoms. Access to medical care 
is much harder in developing countries as there are not as many physicians or hospitals. In 
addition, transportation is not as reliable and people tend to live farther away from hospitals than 
in the developed world. The mortality rate in developing countries as found in this analysis is 
much higher than that in the developed world. This is also likely due to the same reasons as the 
higher rate of perforation. Delays to presentation and higher rates of perforation lead to more 
complex cases of acute appendicitis and greatly increase the risks of complications and death. 
Further, it could be related to longer delays to surgery once the patient has presented to the 
hospital since resources are much more limited in the developing world.  
In this review, wound infection was found to occur in 9.6% of cases. In the developing 
world would infection ranges from <5% to 20%26 depending on if the patient presented with a 
simply inflamed appendix, or a perforated or gangrenous appendix. The wound infection rate is 
within the range of what is seen in developed countries. Post-operative abscess is another 
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complication, and is more likely if the patient had perforated appendicitis. 1.9% of patients in 
this review were found to have post-operative abscess.  A meta-analysis of randomized 
controlled trials for laparoscopic vs. conventional appendectomy in developed countries found 
similar rates of post-operative abscess, at 0.83% for conventional appendectomy and 1.84% for 
laparoscopic appendectomy.27 The slightly higher rate of post-operative abscess in this analysis 
could also be attributed to the delay in presentation, but it is comparable to what is seen in 
developed countries. Finally, this review had a re-operation rate of 32.6%. This is a high rate of 
re-operation and is likely related to late presentation. With late presentation there is more risk for 
perforation and abscess development. The technology available in developing countries usually 
requires re-operation if the patient has unrelenting post-operative abdominal pain. In developed 
countries imaging can be obtained and interventional radiology is used to drain abscesses, but 
these interventions are not available in most developing countries, which explains why the re-
operation rate is high.  
This review used a thorough and systematic search strategy to identify all research done 
on acute appendicitis in developing nations which contributed to the strength of its results. In 
addition, the studies found reported their outcomes in a uniform manner so meta-analysis was 
made easier with less risk of measurement bias. Some other strengths of this review are that all 
but one of the studies included had large sample sizes, and none of the studies received a “poor” 
rating. One limitation of this review is that all of the studies were either prospective or 
retrospective observational cohort studies, so there was no diversity in study designs. In addition, 
almost all of the studies had “fair” ratings, with only one study getting a “fair to good” rating. If 
more studies of “good” quality could have been found it would have helped to strengthen the 
results found in this review. However, this is hard to do with studies involving chart review due 
22 | P a g e  
 
to the inherent risk of measurement bias. Another limitation is that there was only a single person 
conducting the review. This did not allow for second opinions when evaluating the strength of 
the studies included, or when extracting the data for analysis. Data extraction was 
straightforward and the single reviewer checked the extraction on two separate occasions to 
reduce the risk for errors, so this is less concerning as a limitation of this study. However, to 
significantly strengthen the quality of this study, a second reviewer would be included to 
improve the quality rating process.  
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Appendix 1a: Specific search strategies for both PUBMED and EMBASE  
PUBMED 
Appendicitis and appendectomy and (Deprived Countries[tw] OR Deprived Population[tw] OR 
Deprived Populations[tw] OR Developing Countries[tw] OR Developing Country[tw] OR 
Developing Economies[tw] OR Developing Economy[tw] OR Developing Nation[tw] OR 
Developing Nations[tw] OR Developing Population[tw] OR Developing Populations[tw] OR 
Developing World[tw] OR LAMI Countries[tw] OR LAMI Country[tw] OR Less Developed 
Countries[tw] OR Less Developed Country[tw] OR Less Developed Economies [tw] OR Less 
Developed Nation[tw] OR Less Developed Nations[tw] OR Less Developed World[tw] OR 
Lesser Developed Countries[tw] OR Lesser Developed Nations[tw] OR LMIC[tw] OR 
LMICS[tw] OR Low GDP[tw] OR Low GNP[tw] OR Low Gross Domestic[tw] OR Low Gross 
National[tw] OR Low Income Countries[tw] OR Low Income Country[tw] OR Low Income 
Economies [tw] OR Low Income Economy[tw] OR Low Income Nations[tw] OR Low Income 
Population[tw] OR Low Income Populations[tw] OR Lower GDP[tw] OR lower gross 
domestic[tw] OR Lower Income Countries[tw] OR Lower Income Country[tw] OR Lower 
Income Nations[tw] OR Lower Income Population[tw] OR Lower Income Populations[tw] OR 
Middle Income Countries[tw] OR Middle Income Country[tw] OR Middle Income Economies 
[tw] OR Middle Income Nation[tw] OR Middle Income Nations[tw] OR Middle Income 
Population[tw] OR Middle Income Populations[tw] OR Poor Countries[tw] OR Poor 
Country[tw] OR Poor Economies [tw] OR Poor Economy[tw] OR Poor Nation[tw] OR Poor 
Nations[tw] OR Poor Population[tw] OR Poor Populations[tw] OR poor world[tw] OR Poorer 
Countries[tw] OR Poorer Economies [tw] OR Poorer Economy[tw] OR Poorer Nations[tw] OR 
Poorer Population[tw] OR Poorer Populations[tw] OR Third World[tw] OR Transitional 
Countries[tw] OR Transitional Country[tw] OR Transitional Economies[tw] OR Transitional 
Economy[tw] OR Under Developed Countries[tw] OR Under Developed Country[tw] OR under 
developed nations[tw] OR Under Developed World[tw] OR Under Served Population[tw] OR 
Under Served Populations[tw] OR Underdeveloped Countries[tw] OR Underdeveloped 
Country[tw] OR underdeveloped economies[tw] OR underdeveloped nations[tw] OR 
underdeveloped population[tw] OR Underdeveloped World[tw] OR Underserved Countries[tw] 
OR Underserved Nations[tw] OR Underserved Population[tw] OR Underserved Populations[tw]) 
EMBASE 
'deprived countries':de,ti,ab OR 'deprived country':de,ti,ab OR 'deprived nation':de,ti,ab OR 
'deprived nations':de,ti,ab OR 'deprived population':de,ti,ab OR 'deprived populations':de,ti,ab 
OR 'deprived world':de,ti,ab OR 'developing countries':de,ti,ab OR 'developing country':de,ti,ab 
OR 'developing economies':de,ti,ab OR 'developing economy':de,ti,ab OR 'developing 
nation':de,ti,ab OR 'developing nations':de,ti,ab OR 'developing population':de,ti,ab OR 
'developing populations':de,ti,ab OR 'developing world':de,ti,ab OR 'lami countries':de,ti,ab OR 
'lami country':de,ti,ab OR 'less developed countries':de,ti,ab OR 'less developed country':de,ti,ab 
OR 'less developed economies':de,ti,ab OR 'less developed economy':de,ti,ab OR 'less developed 
nation':de,ti,ab OR 'less developed nations':de,ti,ab OR 'less developed population':de,ti,ab OR 
'less developed populations':de,ti,ab OR 'less developed world':de,ti,ab OR 'lesser developed 
countries':de,ti,ab OR 'lesser developed country':de,ti,ab OR 'lesser developed 
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economies':de,ti,ab OR 'lesser developed economy':de,ti,ab OR 'lesser developed nation':de,ti,ab 
OR 'lesser developed nations':de,ti,ab OR 'lesser developed population':de,ti,ab OR 'lesser 
developed populations':de,ti,ab OR 'lesser developed world':de,ti,ab OR 'lmic':de,ti,ab OR 
'lmics':de,ti,ab OR 'low gdp':de,ti,ab OR 'low gnp':de,ti,ab OR 'low gross domestic':de,ti,ab OR 
'low gross national':de,ti,ab OR 'low income countries':de,ti,ab OR 'low income country':de,ti,ab 
OR 'low income economies':de,ti,ab OR 'low income economy':de,ti,ab OR 'low income 
nation':de,ti,ab OR 'low income nations':de,ti,ab OR 'low income population':de,ti,ab OR 'low 
income populations':de,ti,ab OR 'lower gdp':de,ti,ab OR 'lower gnp':de,ti,ab OR 'lower gross 
domestic':de,ti,ab OR 'lower gross national':de,ti,ab OR 'lower income countries':de,ti,ab OR 
'lower income country':de,ti,ab OR 'lower income economies':de,ti,ab OR 'lower income 
economy':de,ti,ab OR 'lower income nation':de,ti,ab OR 'lower income nations':de,ti,ab OR 
'lower income population':de,ti,ab OR 'lower income populations':de,ti,ab OR 'middle income 
countries':de,ti,ab OR 'middle income country':de,ti,ab OR 'middle income economies':de,ti,ab 
OR 'middle income economy':de,ti,ab OR 'middle income nation':de,ti,ab OR 'middle income 
nations':de,ti,ab OR 'middle income population':de,ti,ab OR 'middle income populations':de,ti,ab 
OR 'poor countries':de,ti,ab OR 'poor country':de,ti,ab OR 'poor economies':de,ti,ab OR 'poor 
economy':de,ti,ab OR 'poor nation':de,ti,ab OR 'poor nations':de,ti,ab OR 'poor 
population':de,ti,ab OR 'poor populations':de,ti,ab OR 'poor world':de,ti,ab OR 'poorer 
countries':de,ti,ab OR 'poorer country':de,ti,ab OR 'poorer economies':de,ti,ab OR 'poorer 
economy':de,ti,ab OR 'poorer nation':de,ti,ab OR 'poorer nations':de,ti,ab OR 'poorer 
population':de,ti,ab OR 'poorer populations':de,ti,ab OR 'poorer world':de,ti,ab OR 'third 
world':de,ti,ab OR 'transitional countries':de,ti,ab OR 'transitional country':de,ti,ab OR 
'transitional economies':de,ti,ab OR 'transitional economy':de,ti,ab OR 'under developed 
countries':de,ti,ab OR 'under developed country':de,ti,ab OR 'under developed 
economies':de,ti,ab OR 'under developed economy':de,ti,ab OR 'under developed nation':de,ti,ab 
OR 'under developed nations':de,ti,ab OR 'under developed population':de,ti,ab OR 'under 
developed populations':de,ti,ab OR 'under developed world':de,ti,ab OR 'under served 
countries':de,ti,ab OR 'under served country':de,ti,ab OR 'under served nation':de,ti,ab OR 'under 
served nations':de,ti,ab OR 'under served population':de,ti,ab OR 'under served 
populations':de,ti,ab OR 'under served world':de,ti,ab OR 'underdeveloped countries':de,ti,ab OR 
'underdeveloped country':de,ti,ab OR 'underdeveloped economies':de,ti,ab OR 'underdeveloped 
economy':de,ti,ab OR 'underdeveloped nation':de,ti,ab OR 'underdeveloped nations':de,ti,ab OR 
'underdeveloped population':de,ti,ab OR 'underdeveloped populations':de,ti,ab OR 
'underdeveloped world':de,ti,ab OR 'underserved countries':de,ti,ab OR 'underserved 
country':de,ti,ab OR 'underserved nation':de,ti,ab OR 'underserved nations':de,ti,ab OR 
'underserved population':de,ti,ab OR 'underserved populations':de,ti,ab OR 'underserved 
world':de,ti,ab AND ('appendicitis'/exp OR appendicitis) AND ('appendectomy'/exp OR 
appendectomy) 
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Appendix 1b: PICOTSS table with specific inclusion and exclusion criteria 
 Include  Exclude 
Language English Languages other than English  
Population Children and adults with a 
diagnosis of acute 
appendicitis who had 
appendectomy 
Pregnant women  
People with appendiceal 
cancer, complicated 
diverticulitis, colon cancer, or 
any other reason for removal 
of appendix that is not acute 
appendicitis  
Exposure  Appendectomy  Any treatment besides 
surgery 
Comparator No surgery or no comparator Studies comparing 
laparoscopic to open 
appendectomy, studies 
comparing surgery to 
antibiotics 
Outcomes Mortality, perforation rate, 
LOS, morbidity (pneumonia, 
renal failure, post-op 
infection, re-operation) 
 
Setting Studies conducted in 
countries categorized as low 
or medium on the Human 
Development Index, defined 
by the United Nations 
Development Programme 
Any country that is defined as 
high on the Human 
Development Index  
Study Design  Prospective and retrospective 
cohorts, chart reviews, cross-
sectional studies, 
observational studies 
Letters to the editor, 
systematic reviews, case 
reports 
Abbreviations: LOS=length of stay  
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Appendix 1c: Study characteristics and outcomes table for all studies included in the systematic review. 
 
Article Study Type 
Study 
Duration
Publication 
year
Study 
Location
Acute 
Appendicitis 
incidence
# Participants 
Included
# Patients 
Died LOS
# Patients 
with Post-
Op Wound 
Infxn
# Patients 
with 
Pneumonia
# Patients 
with 
Perforation 
# Patients 
with 
Reoperatio
n
# 
Patients 
with 
Renal 
Failure 
# Patients 
with 
Wound 
Dehiscence 
# Patients with 
Obstruction
# 
Patients 
with Post-
Op Ileus 
# 
Patients 
with 
Abscess
Chianakwana GU, Ihegihu CC, Okafor 
PIS, Anyanwu SNC, Mbonu OO. Adult 
surgical emergencies in a developing 
country: the experience of Nnamdi 
Azikiwe University Teaching Hospital, 
Nnewi, Anambra State, Nigeria. World 
J Surg . 2005;29(6):804-7; discussion 
808. doi:10.1007/s00268-005-7670-y.
retrospective 
chart review 5 years 2005 Nigeria 15.40% 139 0 N/A 11 N/A N/A N/A N/A N/A N/A N/A N/A
Hernandez MC, Kong VY, Aho JM, et 
al. Increased anatomic severity in 
appendicitis is associated with 
outcomes in a South African population. 
J Trauma Acute Care Surg . March 
2017:1. 
doi:10.1097/TA.0000000000001422.
retrospective 
cohort study 6 years 2017 South Africa N/A 1415 20 5 days (median) 147 105 N/A 761 64 N/A N/A N/A N/A
Langenscheidt P, Lang C, Püschel W, et 
al. No Title. 1999;165(3). 
doi:10.1080/110241599750007126.
prospective 
clinical and 
pathological 
study 2 months 1999 Madagascar
8/10,000 
population/ye
ar 25 N/A N/A N/A N/A 9 N/A N/A N/A N/A N/A N/A
Kong VY, Bulajic B, Allorto NL, 
Handley J, Clarke DL. Acute 
Appendicitis in a Developing Country. 
World J Surg . 2012;36(9):2068-2073. 
doi:10.1007/s00268-012-1626-9.
prospective 
audit of 
patients 
presenting 
with acute 
appendicitis 1 year 2012 South Africa 15/100,000 200 4
6.1 days (mean) 
5 days (median) N/A 25 114 73 6 14 N/A N/A N/A
Rogers AD, Hampton MI, Bunting M, 
Atherstone AK. Audit of 
appendicectomies at Frere Hospital, 
Eastern Cape. S Afr J Surg . 
2008;46(3):74-77. 
http://www.ncbi.nlm.nih.gov/pubmed/1
8807302. Accessed April 14, 2017.
retrospective 
chart review 26 months 2008 South Africa 15/100,000 400 4 6 days (mean) 42 12 204 31 N/A N/A 7 N/A 14
Dodiyi-Manuel A, Koroye OF. 
APPENDICITIS IN UNIVERSITY OF 
PORT HARCOURT TEACHING 
HOSPITAL, NIGERIA. East Afr Med J . 
2012;89(10):327-331. 
http://www.ncbi.nlm.nih.gov/pubmed/2
6852442. Accessed March 9, 2017.
retrospective 
chart review 2 years 2012 Nigeria N/A 130 0 N/A 10 N/A 17 N/A N/A 1 N/A N/A 2
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Article Study Type 
Study 
Duration
Publication 
year
Study 
Location
Acute 
Appendicitis 
incidence
# Participants 
Included
# Patients 
Died LOS
# Patients 
with Post-
Op Wound 
Infxn
# Patients 
with 
Pneumonia
# Patients 
with 
Perforation 
# Patients 
with 
Reoperatio
n
# 
Patients 
with 
Renal 
Failure 
# Patients 
with 
Wound 
Dehiscence 
# Patients with 
Obstruction
# 
Patients 
with Post-
Op Ileus 
# 
Patients 
with 
Abscess
Chavda SK, Hassan S, Magoha GAO. 
Appendicitis at Kenyatta National 
Hospital, Nairobi. East Afr Med J . 
2005;82(10):526-530. 
http://www.ncbi.nlm.nih.gov/pubmed/1
6450681. Accessed March 9, 2017.
prospective 
descriptive 
study 1 year 2005 Nairobi N/A 189 0 6.4 days (mean) 18 N/A 56 N/A N/A 2 1 1 N/A
Mungadi IA, Jabo BA, Agwu NP. A 
review of appendicectomy in Sokoto, 
North-western Nigeria. Niger J Med . 
13(3):240-243. 
http://www.ncbi.nlm.nih.gov/pubmed/1
5532224. Accessed March 9, 2017.
retrospective 
review 6 years 2004 Nigeria N/A 113 1
12.2 days 
(mean) (range 
of 2-68) 10 N/A 18 N/A N/A 3 1 N/A N/A
Levy RD, Degiannis E, Kantarovsky A, 
Maberti PM, Wells M, Hatzitheofilou C. 
Audit of acute appendicitis in a black 
South African population. S Afr J Surg . 
1997;35(4):198-202. 
http://www.ncbi.nlm.nih.gov/pubmed/9
540398. Accessed April 14, 2017.
prospective 
cohort 3 years 1997 South Africa N/A 212 3 4 days (mean) 16 7 46 N/A N/A N/A 5 4 1
Madiba TE, Haffejee AA, Mbete DL, 
Chaithram H, John J. Appendicitis 
among African patients at King Edward 
VIII Hospital, Durban, South Africa: a 
review. East Afr Med J . 1998;75(2):81-
84. 
http://www.ncbi.nlm.nih.gov/pubmed/9
640828. Accessed April 14, 2017.
retrospective 
review 5 years 1998 South Africa 0.92% 645 11
7.67 days 
(mean) 63 32 277 2 N/A N/A N/A N/A 8
Ngim CF, Quek KF, Dhanoa A, Khoo JJ, 
Vellusamy M, Ng CS. Pediatric 
appendicitis in a developing country: 
what are the clinical predictors and 
outcome of perforation? J Trop Pediatr . 
2014;60(6):409-414. 
doi:10.1093/tropej/fmu037.
restrospectiv
e cross-
sectional 
observationa
l study 1 year 2014 Malaysia N/A 118 0
median in 
hours, 
perforated = 
92.4 +/- 67.3, 
non-
perforated=60.
1 +/- 55.8 5 N/A 61 N/A N/A N/A N/A N/A 4
Total 3586 43 322 181 802 867 70 20 14 5 29
Number studies reporting 10 9 5 9 4 2 4 4 2 5
N 3561 3361 2872 2032 2660 1615 632 914 401 1505
Rate (%) 1.207526 9.580482 6.30222841 39.4685039 32.593985 4.334365 3.164557 1.531728665 1.246883 1.92691
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 Appendix 1d: Quality ratings for the articles included in the systematic review 
 
 
 
 
 
 
 
 
First author and 
year
Was the study 
design clearly 
described?
Was the 
setting and 
timing 
clearly 
described?
Were 
participant 
eligibility and 
selection 
methods 
defined?
Study Selection? 
Small: <50 
Medium: 50-100 
Large: >100
Were data 
sources/measureme
nt clearly defined?
Were outcomes 
prespecified/ 
defined and 
adequately 
described?
Were outcome 
measures 
valid and 
reliable?
Risk of selection 
bias?
Risk of measurement 
bias?
Quality 
Rating
Mungadi, 2004 yes yes yes large yes no yes
low to medium - 
there were some 
charts 
unavailable for 
analysis and there 
was no 
explanation for 
why that was the 
case
medium - some of the 
variables collected 
were patient reported 
so there could be recall 
bias. In addition, since 
this was a chart review 
it relies on everything 
being recorded properly 
in the records, which is 
not always the case. fair
Langenscheidt, 1999 yes yes yes small yes yes yes
medium - 178 
appendixes 
removed, 130 had 
pathology, only 
25 proved to be 
acute appendicitis 
and were  
included 
medium - this was 
prospective so didn't 
rely solely on chart 
review, however there 
was a patient survey 
used (which wasn't 
described in great 
detail) so there is risk 
for recall bias poor to fair 
Chavda, 2005 yes yes yes large
no - didn't say if 
data was collected 
via patient charts or 
interviews or both, 
etc. yes yes low
medium - not entirely 
sure how all data was 
collected, mostly the 
demographics and 
symptoms. The outcome 
data was collected 
uniformly with a 
prespecified histologic 
definition for 
appendicitis so this was 
low risk of 
measurement bias fair
Dodiyi-Manuel, 2012yes yes yes large yes yes yes low
medium - chart review 
relies on everything 
being recorded properly 
in the records, which is 
not always the case. fair
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First author and 
year
Was the study 
design clearly 
described?
Was the 
setting and 
timing 
clearly 
described?
Were 
participant 
eligibility and 
selection 
methods 
defined?
Study Selection? 
Small: <50 
Medium: 50-100 
Large: >100
Were data 
sources/measureme
nt clearly defined?
Were outcomes 
prespecified/ 
defined and 
adequately 
described?
Were outcome 
measures 
valid and 
reliable?
Risk of selection 
bias?
Risk of measurement 
bias?
Quality 
Rating
Kong, 2012 yes yes yes large yes yes yes low
medium - some of the 
variables collected 
were patient reported 
so there could be recall 
bias. In addition, since 
this was a chart review 
it relies on everything 
being recorded properly 
in the records, which is 
not always the case. fair
Levy, 1997 yes yes yes large yes yes yes low
low to medium - 
prospective so didn't 
rely solely on chart 
review, there was a 
patient questionnaire 
used so there is risk for 
recall bias fair to good 
Madiba, 1998 yes yes yes large yes no yes low
medium - chart review 
relies on everything 
being recorded properly 
in the records, which is 
not always the case. fair
Rogers, 2008 yes yes yes large yes yes yes
medium - 38 
charts were 
incomplete or 
unavailable for 
review
medium - chart review 
relies on everything 
being recorded properly 
in the records, which is 
not always the case. fair
Chianakwana, 2005 yes yes yes large yes yes yes
medium - 24 
incomplete charts 
were excluded
medium - chart review 
relies on everything 
being recorded properly 
in the records, which is 
not always the case. fair
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Good: meets all criteria, reliable and valid measurement instruments are used and applied equally to the groups, interventions are 
spelled out clearly, all important outcomes are considered, and low risk for selection, measurement, and confounding bias   
 
Fair: any or all of the following problems occur, without the fatal flaws noted in the "poor" category: meets most criteria, but not all, 
acceptable measurement instruments are used (although not the best) and generally applied equally, some but not all important 
outcomes are considered, and low to medium risk for selection, measurement, and confounding bias 
 
Poor: any of the following fatal flaws exists: meets only some but not most criteria, unreliable or invalid measurement instruments are 
used or not applies equally among groups, none of the important outcomes are considered, and medium to high risk for selection, 
measurement, and confounding bias
First author and 
year
Was the study 
design clearly 
described?
Was the 
setting and 
timing 
clearly 
described?
Were 
participant 
eligibility and 
selection 
methods 
defined?
Study Selection? 
Small: <50 
Medium: 50-100 
Large: >100
Were data 
sources/measureme
nt clearly defined?
Were outcomes 
prespecified/ 
defined and 
adequately 
described?
Were outcome 
measures 
valid and 
reliable?
Risk of selection 
bias?
Risk of measurement 
bias?
Quality 
Rating
Ngim, 2014 yes yes yes large yes yes yes low
medium - chart review 
relies on everything 
being recorded properly 
in the records, which is 
not always the case. fair
Hernandez, 2017 yes yes yes large yes yes yes low
medium - chart review 
relies on everything 
being recorded properly 
in the records, which is 
not always the case. fair
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Table 1: Demographic characteristics of patients with acute appendicitis.  
 
 
 
 
 
 
 
 
 
 
 
 
Variable Overall UNC KCH
N, number (percent) 738 611 (82.8%) 127 (17.2%) 
Demographics
Gender
Male 414 (56.1%) 322 (52.7%) 92 (72.4%)
Female 324 (43.9%) 289 (47.3%) 35 (27.6%)
Race
White 362 (59.3%) 362 (59.3%) 0 (0%)
Black 187 (25.3%) 60 (9.8%) 127 (100%)
Hispanic 137 (18.6%) 137 (22.4%) 0 (0%)
Asian 23 (3.1%) 23 (3.8%) 0 (0%)
Other 23 (3.1%) 23 (3.8%) 0 (0%)
Age* 38 (17) 39 (17) 32 (15)
Initial Heart Rate* 86 (19) 84 (18) 98 (21)
Initial Temperature* 36.8 (0.7) 36.8 (0.7) 37.0 (1.0)
Initial Systolic BP* 133 (21) 134 (21) 124 (18)
Initial Diastolic BP* 78 (13) 78 (13) 77 (12)
Initial WBC* 13.4 (4.4) 13.4 (4.4) 12.4 (7.1)
Operative Characteristics
Laparoscopic 560 (75.9%) 560 (91.7%) 0 (0%)
Open 139 (18.8%) 12 (2%) 127 (100%)
Laparoscopic converted to Open 39 (5.3%) 39 (6.4%) 0 (0%)
*mean and sandard deviation reported
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Figure 1: Percent of patients who underwent surgery within the same day of presentation to the 
hospital, within 24 to 48 hours, or after 48 hours of presentation to the hospital. 
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